Gelatin is extracted from animal tissues using heat usually with low yields, but pepsin may increase high quality gelatin yield per unit of tissue. Gelatin from bovine lungs was extracted using heat and pepsin and the resulting gelatins were characterized. Pepsin increased gelatin yield by about 9-fold that of heat extraction alone. All bovine lung gelatin contained protein as the major proximate component, with little ash and non-detectable fat. Bovine lung gelatin had pH, moisture and protein comparable to or less than that of commercial bovine gelatin and decreased ash. Transmittance of bovine lung gelatin was substantially reduced compared to that of commercial bovine gelatin but had increased water and fat-binding capacity, and comparable or increased gelling and melting temperature.
Introduction
Gelatin is a popular biopolymer used in food, pharmaceutical, cosmetic and photographic applications (Schrieber and Gareis, 2007) because of its unique functional properties (Zhou et al., 2006) . Gelatin is derived from collagen, the major protein constituent of connective tissue, through partial hydrolysis using hot water, dilute acid or alkali treatments (Zhang et al., 2009) . The global gelatin market volume was approximately 373,000 tons in The filtrate was frozen at _ 50℃, lyophilized, weighed and considered as bovine lung gelatin (BLG) and named BLG _ 70.
After the 70℃ extraction, the remaining CT sediment was suspended in DI water and heated at 80℃ for 1h. The resultant solution was then centrifuged and the supernatant was collected by following the same steps as BLG-70 and considered as BLG _ 80.
Gelatin extraction with pepsin
The CT sediment that remained after 80℃ extraction from each BL portion was suspended in 0.5 M acetic acid at a ratio of 1:7 (w/v). Pepsin (from porcine gastric mucosa, Sigma Aldrich, St. Louis, MI) was added at a sediment to pepsin ratio of 100:1 (w/w) to each of two portions from each lung with stirring at 4℃ for 24h. The pH of the resultant digest was adjusted to neutral using 2 M NaOH and the digest was heated at 80℃ for 2h after which the supernatant was collected with centrifugation, considered as BLG extracted first 24h of pepsin digestion (BLG _ F24h). The sediments of these samples were again digested with pepsin for a second 24h period, and the supernatant collected and designated as BLG _ L24h (Figure 1 ). The remaining two sediments from each lung after 80℃ heat treatment were extracted using pepsin digestion as described in Figure 1 and were considered gelatin extracted at 48h with pepsin digestion (BLG48h).
All gelatins were processed as described for the heat-extracted gelatin.
Yield of gelatin The yield of gelatin was calculated as follows:
Yield (g/100g) = [Weight of freeze-dried gelatin (g) / Weight of raw bovine lung (g)] × 100 ······Eq. 1
Proximate analysis AOAC International (2000) methods were used to measure moisture (950.46), ash (920.153), and fat (960.39) contents of freeze-dried BL and BLG. Protein content was estimated using a TruSpec carbon/nitrogen determinator (Leco Corp., St. Joseph, MI) calibrated with EDTA and caffeine and calculated using a nitrogen conversion factors of 6.25 for lyophilized BL and 5.55 for lyophilized BLG (Sarbon et al., 2013) . Transmittance For transmittance determination, the spectrophotometer (Evolution™ 60S UV-Visible Spectrophotometer, Thermo Scientific, Canada) was calibrated at 620 nm to 100% transmittance with DI water as the blank. One mL of 2% gelatin solution was transferred to the cuvette and the percent transmittance was recorded at 620 nm following the method of Ninan et al. (2010) .
Colour The colour of 6.67% (w/v) BLG gels was evaluated with a colorimeter (Konica Minolta CR-300, NJ, USA). The colorimeter, with an 8 mm aperture and illuminant D65, was calibrated using a standard white calibration tile provided by the manufacturer. The colour was described using the Commission Zhang et al. (2011) . The pH value at which the gelatin solution had the lowest percent transmittance was considered the pI value.
Foaming properties Foam expansion (FE) and foam stability (FS) of BLG solutions were determined according to the method of Jridi et al. (2013) . Twenty five mL of gelatin solutions of 0.5, 1.0 and 2.0% (w/v) were homogenized at 20, 000 rpm for 1 min at room temperature using an Ultra-Turrax Ika T-18 Basic Ultra Turrax Homogenizer (Cole-Parmer, Canada) to incorporate air.
Immediately after homogenization, the solution was transferred to 50 mL graduated plastic tubes and the total volumes were measured at 0, 30 and 60 min after homogenization. The FE and FS were calculated by the following formula:
Where, V T is the total volume (mL) after homogenization; V 0 is the volume (mL) before homogenization; V t is the total volume (mL) after standing at room temperature for 30 or 60 min. All determinations were means of two measurements.
Emulsifying properties The emulsion activity index (EAI) and the emulsion stability index (ESI) of BLG were determined according to the methods of Aewsiri et al. (2013) and Jridi et al. (2013) , respectively. Eight mL of gelatin solutions of 0.5, 1.0 and 2.0% were mixed with 2 mL of sunflower oil by Vortex and homogenized for 1 min at 24, 200 rpm at room temperature.
Aliquots of each emulsion (50 μL) were taken from the bottom of the container at 0 and 30 min after homogenization and mixed with 5 mL sodium dodecyl sulphate (SDS) solution (0.1%, w/v). The absorbance was measured at 500 nm against a 0.1% SDS solution blank immediately (A 0 ) and 30 min (A 30 ) after emulsion formation.
To calculate EAI and ESI, the following formula was used:
Where A 500 , absorbance at 500 nm; DF, dilution factor (100); C, The elastic properties and the viscous response in the structure of BLG were estimated using an amplitude sweep test (Giuseppe et al., 2009) . The amplitude sweep test was performed with an increasing oscillatory strain (0.1 _ 20%) while frequency (1 hertz) and temperature (15℃) were kept constant with the exception of the BLG-F24h samples, which was performed at 5℃.
A dynamic temperature sweep rheological test was used to determine gelling and melting temperatures. The analysis was performed under a constant strain of 5%, a constant frequency of 1 hertz, and the temperature was changed from 45 to 15℃ and back to 45℃ with a heating/cooling rate of 2℃/min, with the exception of the BLG _ F24h samples, where the temperature was changed from 35 to 5℃ and back to 35℃ because of the low gelling temperature of this gelatin. The gelling temperature was taken to the temperature at which the storage modulus (G′; Pa) began to dramatically increase in value. The melting point was determined in the same manner as the gelling point during the subsequent heating process, with melting considered to have begun when the storage modulus (G′; Pa) decreased and the loss modulus (G″; Pa) increased. The temperature at which the G′ and G″ converge during cooling was considered the solution-gel transition or the gel formation point (Gudmundsson, 2002) .
Molecular weight distribution Protein molecular weight (MW)
distributions of the gelatins were determined using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS _ PAGE) according to the method of Laemmli (1970) . Gelatin solutions (5 mg/mL) diluted with sample buffer were prepared as both non-reduced and Statistical analysis Differences in gelatin properties were distinguished using statistical procedures within the Statistical Analysis System (SAS Institute, Cary, NC). One-way analysis of variance using the general linear models procedure (PROC GLM) determined significant differences (P < 0.05) in gelatin proximate components, pH, colour, water-holding and fat binding capacities, dynamic rheological measurements, amino acid proportions and gel strength due to extraction step in comparison to the CBG.
Differences between means for this analysis were identified using the Student-Newman-Keuls test. Effects of gelatin extraction step, gelatin concentration and their interaction were determined using a 3 (% gelatin concentration) × 5 (gelatin extraction method) factorial analysis of variance within PROC GLM. For this analysis, differences between means were distinguished using paired t-tests (PDIFF function).
Results and Discussion
Yield Extraction of gelatin using heat or acid can produce economically viable yields from fish (Slade and Levine, 1987; Karim and Bhat, 2009 ) and porcine co _ products (Gudipati and Kannuchamy, 2014) and bovine skin and bone, but yields of gelatin from other mammalian tissues using these processes are limited by the relatively large concentration of heat-stable collagen crosslinks (Galea et al., 2000; Gómez-Guillén et al., 2002) . Extraction of gelatin using heat produces gelatin with the highest gel strength (Schrieber and Gareis, 2007) . Because heat produces the best gelatin, it would be a standard first process for most mammalian tissue gelatin extraction with subsequent extractions applied to the same source. As a consequence, the quality of gelatin within a process series was considered in the present experiment and so heat extraction was preliminary to any other experimental treatment. In the current study, two successive heat extraction temperatures were used to achieve different gelatin grades, with the best grades expected at the lowest temperatures. Results of the current study indicated that most of the heat-soluble BLG was released with extraction at 70℃, with addition of small amount of gelatin obtained with increased temperature (Table 1 ). The yield of heat soluble gelatin may have potentially been increased by heating the connective tissue at 70 or 80℃ for longer than 1h, but the objective of the experimental design was to obtain a measure of relative yield and that was achieved.
The use of enzyme technologies for protein recovery and modification is widespread (Kristinsson and Rasco, 2000) . Of the enzymes available for use in the extraction of gelatin, pepsin is the most attractive (Chomarat et al., 1994) because it is an exopeptidase that cleaves amino acids located only in the collagen telopeptides as the triple helical structure of collagen prevents binding of the enzyme to the remainder of the protein polypeptide (Zeng et al., 2012) . This allows for the length of the α _ chains to be retained, which is conducive to a high strength gel (Elharfaoui et al., 2007) . Results of the present study showed that pepsin successfully increased the gelatin yield from BL following heat treatment (Table 1) . Comparison of a continuous 48h pepsin extraction with two sequential 24h pepsin digestion indicated that yields increased with the addition of new pepsin. Addition of fresh pepsin may solubilize additional collagen by replacing pepsin that has undergone autolysis (Funatsu and Tokuyasu, 1959) , thereby cleaving additional peptide bonds and resulting in an increase in gelatin extraction within the same extraction time Jridi et al., 2013) .
Proximate composition Few proximate composition differences existed between the gelatins extracted at the various steps of the extraction process, and the proximate analyses values for the gelatin were mostly comparable to those realized for the CBG and to those expected for gelatin ( See et al., 2010; Sarbon et al. 2013) . Notably, the protein content of BLGF24h was lower than that of all the other extracted BLGs but was similar to that of Sarbon et al. (2013) .Overall, moisture contents of the gelatins in the present study regardless of extraction method were well below the prescribed limit of 15% (GME, 2005) for edible gelatin. The ash contents of the BLG were in the range of 0.33 to 0.97% and these values were less than the recommended limit for food applications of 2% (GME, 2005) . These results supported the conclusion that BLG was compositionally acceptable as a gelatin for food use.
Technological properties Generally, raw materials used to extract gelatin are pre-treated with dilute acid or saturated lime solution (concentrated calcium carbonate) and respectively produce Cole, 2000) . The pH of extracted gelatins in the present study varied from 4.73 to 5.57, indicating their category was Type B. Gelatin pH is an important technological characteristics as it has been reported that a pH of 5.0 is the most desirable for gelatin because at this pH gel viscosity is at a minimum but gel strength is at a maximum (Cole, 2000) . In the present study, the pH values of the heat _ extracted gelatins were lower than those of the pepsin-extracted gelatins most likely because the pepsin _ extracted gelatin was treated twice with alkali (Table 2 ). All collagen was purified using alkali washes, but the gelatin extracted with pepsin was neutralized using alkali following pepsin extraction, resulting in two rather than one exposures to alkali, which may have elevated its pH values. It has been reported that alkali pre-treatment results in Type B gelatin with pH values in the range of 4 to 5 (Baziwane and He, 2003) , and the results of the present study concur.
The pI is defined as the pH at which the net charge of the amphoteric molecule in solution is zero and its solubility is at the lowest point (Schrieber and Gareis, 2007) . The clarity of gelatin, as indicated in the present study by the transmittance of light through the gelatin solution and by the colour of the gelled product, is important in food applications when gelatin is used as a thickening agent so that the final product quality is not adversely affected by unintended colour or opacity (Jamilah et al., 2011) . Low transmittance values for gelatin are commonly c a u s e d b y c o n t a m i n a t i n g i n o r g a n i c s , p r o t e i n s a n d mucopolysaccharides (Avena-Bustillos et al., 2006) and removed during gelatin extraction and purification (Muyounga et al., 2004) .
In this study, filtration was the only process performed to remove impurities from the gelatin, with the exception of the commercial gelatin as clarification had already been performed (Muyounga et al., 2004) . In the present study, BLG-80 produced the clearest gelatin, although the clarity was not comparable to that of CBG (Table 2) . BLG-80 gelatin was the most clear of the BLG because any contaminants were most likely removed from the gelatin sediment during the 70℃ extraction that preceded it. This suggested that heat treatment of connective tissue at a temperature lower than 70℃ might assist with the removal of contaminants without extraction of gelatin, which would improve the quality of the gelatin subsequently extracted at 80℃.
Gelatins extracted from BL had higher L* and lower a* values than the CBG (Table 2) , concomitant with their increased opacity. Colour of a gelatin is an important aesthetic property and a light colour is preferable because it facilitates incorporation of the gelatin into any food item. The increased b*values of the pepsinextracted BLG may have been due to at least three heat extractions being conducted on it, which would increase the opportunity for
Maillard reactions between protein and carbohydrate moieties (Schrieber and Gareis, 2007) . This postulation is supported by the increase in the mean b* values with each progressive extraction step. Also Poppe (1997) reported that gelatin solutions had their lowest transmittance at the pI because proteins aggregated and excluded water at the pI. No relationship was apparent between transmittance and pI in the current study, however, suggesting that this was not a factor contributing to the results observed.
WHC and FBC, gelling and melting temperature, storage and loss moduli, and gel strength measurements (Table 2) indicated that highly functional gelatin was obtained in BLG-70. The WHC of gelatin is a desirable trait in foods such as sausages, custards and dough because these products require the gelatin to soak in water without dissolving, thereby acting as a thickening agent and increasing product viscosity (Rawdkuen et al., 2013) . In ground meat formulations, high FBC of gelatin is desired because it helps to retain flavour, improve palatability, and extend the shelf life of meat products (Rawdkuen et al., 2013) . The BLG-80 had a higher mean WHC than gelatin extracted at all other steps and the CBG but a lower mean FBC (P ≤ 0.0001) than BLG-48h or BLG-L24h (Table 2) . Also, BLG-F24h showed the lowest WHC compared to that from all other extraction methods and CBG. BLG _ 48h had the greatest FBC (Table 2) . FBC is postulated to be associated with the proportion of available hydrophobic, electrostatic and hydrogen bonds (Lawal, 2004) , and particularly with hydrophobic amino acid residues such as tyrosine, leucine, valine and isoleucine (Ninan et al., 2011) . No associations between FBC and amino acid content were noted in the present study, nor were there any differences in calculated non-polar hydrophobic and polar uncharged amino acid contents (Table 3) .
The G′ and G″ curves of the BLG-70 gelatin as a function of temperature during cooling indicated that this gelatin could form gels at higher temperatures than CBG and gelatins from the other extractions, suggesting that it was the most stable ( Figure 3 ). Also, with subsequent heating, the G′ and G″ curves of the BLG-70 gelatin gels began to decrease at higher temperatures than the gelatins from the pepsin extractions, substantiating the increased thermo-stability of this gelatin. Melting and gelling temperatures were also highest in BLG-70 ( Table 2 ), indicating that this gelatin would have the greatest range of applications (Gudmundsson, 2002). Gel strength is one of the most important quality properties used in the gelatin industry to differentiate gelatins (Boran and Regenstein, 2010) and can be classified as low (< 150 g), medium
(151 _ 220 g) and high (221 _ 300 g) (Johnston-Banks, 1983 ). The three dimensional hydrogen bond formations between the water molecules and free hydroxyl groups of amino acid in gelatin confer the strength and rigidity of the gelatin gel (Karim and Bhat, 2009 ).
Other factors that contribute to gel strength are the interactions between imino groups, the ratio of α _ chains, the amount of β _ chains and the content of free hydroxyl group of amino acids (Arnesen and Gildberg, 2002) . In the present study, heat-extracted gelatins had mean G′ and G″ and gel strengths greater than or comparable to that of the CBG and greater than those of gelatins extracted using pepsin (Table 2 ). This may have been related to the imino acids content of the gelatin as gelling points are related to the proportion of proline and hydroxyproline in the original collagen molecule (Ledward, 1986; Gilsenan and Ross-Murphy, 2000; Ninan et al., 2011; Rawdkuen et al., 2013) . According to Arnesen and Gildberg (2002) , a high hydroxyproline content of gelatin is the major reason for high gel strength but this was only true in the present study for BLG _ F24h gelatin, which had the lowest imino acids content and the lowest gel strength (Table 3) . Gudmundsson and Hafsteinsson (1997) , however, suggested that the gel strength may depend on the pI of gelatin and may be controlled to a certain extent by adjusting the pH. This conclusion was not supported, however, by the differences in gelling and melting temperatures and G′ and G″ values between BLG-70 and BLG-80, which had similar pH values (Table 2) .
Gel strength and melting characteristics of gelatin can also be affected by their molecular weight profile, as gelatins consisting of low MW peptides melt at lower temperatures than gelatins with high MW peptides (Gilsenan and Ross-Murphy, 2000) . Silva et al. (2014) reported that increased proportions of β _ chains and γ _ components were associated with increased gel strength, while Gómez-Guillén et al. (2002) observed weak gelatin gels were associated with increased content of small peptide fragments. Ledward (1986) and Kittiphattanabawon et al. (2010) reported that short α-chain peptides in gelatin could not form the electrostatic junctions required for a strong protein network, and this was evidenced by the lowered bloom strength those authors observed.
All collagen fractions that have a minimum MW of 30 kDa can be considered gelatin (Eastoe and Leach, 1977) because collagen fractions with MW lower than 30 kDa are unable to form contiguous structures of sufficient length for gel rigidity (Boran and Regenstein, 2009) . The protein MW profiles of gelatin characterized by SDS _ PAGE in the current study support this (Ledward, 1986; Schrieber and Gareis, 2007) . The increased content of low MW compounds in the pepsinextracted gelatin was most likely the result of the increased hydrolysis of peptidyl bonds by the enzyme (Figure 4 ).
Foam stability in particular is an important property of gelatin when it will be used in foods such as marshmallows (Zuñiga and Aguilera, 2009 ). The CBG standard had the highest foam stabilities at 0.5 and 2% gelatin concentrations and EAI values at the 1 and 2% gelatin concentrations (Table 4) . Jellouli et al. (2011) reported that the higher foaming capacity of grey trigger fish gelatin compared to that of bovine gelatin was due to the increased content of hydrophobic amino acid contents (alanine, valine, isoleucine, leucine, proline, methionine, phenylalanine and tyrosine) in trigger fish gelatin. Results of the present study do not agree with Jellouli et al. (2011) as there was no clear pattern of differences in the hydrophobic amino acids between heat and pepsin extracted gelatins (Table 3) . Foams with high concentrations of proteins have increased foaming densities and stabilities (Zayas, 1997 ) and emulsifying ability is governed by protein peptide size, with small peptides being more soluble and having a greater ability to form a film around an oil droplet than large peptides (Kittiphattanabawon et al., 2012) . The ability of the CBG to do this would be enhanced by the increased proportion of low MW proteins observed during SDS _ PAGE (Figure 4) . Table 4 . Means with standard errors of the means for foaming and emulsifying properties of bovine lung gelatins (BLG) extracted using different methods
Conclusions
Based on the results of this study, BL is a promising source for low yield heat extraction of high quality gelatin with gel strengths suitable for use as a stabilizer in dairy products, frozen foods, confections and baked goods. Pepsin digestion for 48h after initial heat extraction can improve gelatin yield, although subsequent gelatin quality is not equivalent to that realized using heat extraction. It is however of a quality suitable for soft gelatin capsules, tablets and technical applications such as bacterial growth media.
